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I. RFAL PARTT TN TNTFRFSt 



The real party in interest is the University of Arkansas for 
Medical Sciences. 

II. RELATED APPEALS AND TNTFRFFRFNCff?; 

Appellant is aware of no other appeals or interferences 
which will directly affect or be directly affected by or have a bearing 
on the Board's decision in the pending appeal. 

IIL STATUS O F TH E C LAIMS 

Originally claims 1-52 were filed with this Application. 
Claims 1-21 and 25-52 were withdrawn from consideration. The 
pending claims 22-24 are being appealed of which claim 22 and 24 
are independent claims. 



IV. STATTTS OF AMFNDMF.NT?^ 



No amendment was made subsequent to the final 
rejection mailed November 5, 2002. All pending claims are shown 
in Appendix A. 

V. SUMMARY OF THF. TNWNTTON 

The present invention discloses cloning and sequencing 
of a novel serine protease, Tumor Antigen Derived Gene- 15 (TADG- 
15) protein which is overexpressed in ovarian carcinoma (page 13, 
line 20 to page 14, line 10). Nucleotide sequence and amino acid 
sequence for TADG-15 are disclosed in SEQ,ID NO. 1 and SEQ,Ib NO. 
2 respectively (Figure 2). TADG-i5 transcript expression was 
elevated in various ovarian tumor cells with different stage and 
histological sub-type, but it was not present at detectable levels in 
normal ovaries (Example 11; Figure 6A and B; Table 2). Expression 
of TADG-15 was also observed in carcinomas of the breast, colon, 
prostate and lung (Figure 8). Antibody staining of tumor cells 
confirms the presence of the TADG-15 protease in the cytoplasm of 



ovarian cancer cells (Figure 10). No antibody staining was detected 
in normal ovarian epithelium or stromal cells (Figure lOA). These 
data suggest that the TADG-15 gene and its translated protein will be 
a useful marker for the early detection of ovarian carcinoma and 
TADG-15 can be a target for therapeutic intervention (page 72, line 
19 to page 73, line 4). 



VI. JSSIIES 

Whether claims 22-24 are obvious over GenBank 
Accession Number W2 2 987 in view of Lerner under 35 U.S.C. 
§103(a). 

VII. GROTTPTNG OF TI ATMS 



The rejected claims do not stand or fall together. 
Applicant submits that claims 22-23 are patentably distinct from 
claim 24 because a kit for detecting Tumor Antigen Derived Gene- 15 



(TADG-15) protein is patentably distinct from an antibody specific 
for Tumor Antigen Derived Gene- 15 (TADG-15) protein. 

VIII. ARniTMBNTS 

Rejertinn TTnder .^S Tl.S.r. §10.^ 

In the Advisory Action mailed December 31, 2002, the 
Examiner maintained that claims 22-24 were rejected under 35 
U.S.C. §103(a) as being unpatentable over GenBank Accession 
Number W22987 (1997) in view of Lerner (1982). Applicant 
respectfully disagrees and requests that the Board reverse this 
rejection. 

As it is indicated above, claims 22-23 and claim 24 do 
not stand or fall together. Applicant submits that these two groups 
of claims are separately patentable because the antibody of claim 24 
can be used in a materially different process of using the antibody 
as stated in. claims 22-23 (M.P.E.P. 806.05(h)). For example, the 
antibody of claim 24 can be used to purify TADG-15 by affinity 



6 



chromatography instead of being used to detect the presence of 
TADG-15 as claimed in claims Tl-lZ. 

TADG-15 is a protein with 855 amino acids. In contrast, 
GenBank Accession Number W22987 teaches a protease with 
241 amino acids. The sequence of GenBank Accession Number 
W22987 is identical to a portion of TADG-IS. The Examiner 
acknowledges that GenBank Accession Number W22987 does 
not teach purified antibodies which specifically bind specified 
polypeptides, nor a kit comprising said antibodies (page 5, Office 
Action mailed June 29, 2000). The Examiner contends, however, 
Lemer teaches that antibodies can be generated against peptides of 
at least 1 5 amino acids, and representative of virtually any part of 
the surface of a protein can elicit antibodies reactive with the native 
molecules. Accordingly, the Examiner argues that it would have 
been prima facie obvious to one of ordinary skill in the art to select 
specific regions of the polypeptide of GenBank Accession 
Number W22987 or the entire fragment in order to produce 
antibodies reactive with said TADG-15 protein as taught in Lerner 
(page 5, Office Action mailed June 29, 2000). 



The antibody generated according to the Examiner's 
methodology would bind to both the protease described in 
GenBank Accession Number W22987 and TADG-15. In 
contrast, Applicant submits that claims 22-24 recite an antibody 
specific for TADG-15 protein, not an antibody that would bind to 
both the protease of GenBank Accession Number W22987 and 
TADG-15. The Examiner, however, rejects claims 22-24 based on 
the assertion that the term "specific" is not the same as exclusive, 
and asserting that an antibody raised against protease of GenBank 
Accession Number W22987 would fit the criterion listed in 
Applicant's claims (page 4, Office Action mailed July 13, 2001). 
Applicant respectfully disagrees. 

Anigment rnnrerning Clflims 22-2.^ 

Claims 22-23 are drawn to a kit for detecting Tumor 
Antigen Derived Gene- 15 (TADG-15) protein, the kit comprising an 
antibody specific for TADG-15 protein. The present specification 
teaches that TADG-15 was expressed in ovarian tumor cells but not 
in normal ovary as detected at the transcript and protein levels 
(Figures 6, 10; Table 2). TADG-15 was also expressed in carcinomas 
of the breast, colon, prostate and lung (Figure 8). Thus, one of 
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ordinary skill in the art would readily recognize the utility of 
specific detection of TADG-15 protein as a marker for ovarian and 
other tumor cells. 

In order to distinguish between different cell types, one 
of ordinary skill in the art would require that the antibody specific 
for the protein marker does not cross-react with other proteins. 
Otherwise, cross-reaction with other proteins would lead to false 
positive results and diminishes the utility of the detection assay. 
Accordingly, in the context of the present invention, the utility of 
the detection kit lies in its ability to specifically detect TADG-15 in 
normal and tumor, cells. Thus, the issue is whether one of ordinary 
skill in the art would follow the Examiner's methodology to generate 
an antibody that is useful as a component of a kit used to detect 
TADG-15 protein as a marker for tumor cells. 

Applicant submit that one of ordinary skill in the art 
would not follow the Examiner's logic and methodology to generate 
a TADG-15 -specific antibody. The antibody generated according to 
the Examiner's methodology would cross-react between W22987 and 
TADG-15 and would not be, therefore, specific for TADG-15. Thus, 
one of ordinary skill in the art would not recognize the antibody 



generated according to the Examiner's proposed method as useful 
for specific detection of the marker protein TADG-15. 

In order to obtain TADG-15 -specific antibody that would 
be useful in detecting TADG-15 protein specifically, one of ordinary 
skill in the art would generate an antibody against a sequence which 
is unique to TADG-15. Such a unique sequence can be readily 
obtained by comparing TADG-15 sequence with other published 
sequences using a number of readily available softwares. One of 
ordinary skill in the art would not use a sequence which is common 
to the TADG-15 protein and other proteins (such as the sequence 
described by GenBank Accession Number W22987 suggested by 
the Examiner) to generate an antibody specific for TADG-15 protein. 
Such an antibody is cross-reactive rather than specific for the 
TADG-15 protein. The kit recited by claims 22-23 requires an 
antibody specific for TADG-15 protein, not an antibody that would 
cross-react with TADG-15 and other proteins. A cross-reactive 
antibody would have little utility in detecting TADG-15 as a marker 
for tumor cells. 
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Hence, the combined teaching of GenBank Accession 
Number W22987 and Lemer does not provide a person having 
ordinary skill in this art with the requisite expectation of 
successfully producing Applicant's claimed invention. The invention 
as a whole is not prima facie obvious to one of ordinary skill in the 
art at the time the invention was made. Accordingly, Applicant 
respectfully requests that the rejection of claims 22-23 under 35 
U.S.C. §lb3(a) be withdrawn. 

Anigment rnnreming riaim 24 

Claim 24 recites an antibody specific for TADG-15 
protein. The Examiner contends that that an antibody raised against 
protease of GenBank Accession Number W22987 would fit the 
criterion listed in Applicant's claims (page 4, Office Action mailed 
July 13, 2001). Applicant respectfully disagrees. 

An antibody raised against protease of GenBank 
Accession Number W22987 would bind to both protease of 
GenBank Accession Number W22987 and TADG-15. . Such an 
antibody would fit the limitation of claim 24 if claim 24 simply recites 
an antibody that binds to TADG-15. Claim 24, however, is not drawn 
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to an antibody that simply binds TADG-15 protein. Claim 24 is drawn 
to an antibody specific for TADG-15 protein. An antibody raised 
against protease of GenBank Accession Number W22987 is a 
cross-reactive antibody that binds to both protease of GenBank 
Accession Number W22987 and TADG-15. A cross-reactive 
antibody is not a specific antibody for TADG-15. Thus, an antibody 
raised against protease of GenBank Accession Number W22987 
does not meet the limitation of claim 24. 

As discussed above, in order to obtain a TADG-15 -specific 
antibody, one of ordinary skill in the art would generate an antibody 
against a sequence which is unique to TADG-15. Such a unique 
sequence can be readily obtained by comparing the TADG-15 
sequence with other published sequences using a number of readily 
available softwares. One of ordinary skill in the art would not use a 
sequence which is common to TADG-15 protein and other proteins 
(such as the sequence of the protease of GenBank Accession 
Number W22987 suggested by the Examiner) as an immunogen to 
generate an antibody specific for TADG-15 protein. 

In view of the above remark, the combined teaching of 
GenBank Accession Number W22987 and Lerner does not 
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provide a person having ordinary skill in this ait with the requisite 
expectation of successfully producing Applicant's claimed antibody. 
The invention as a whole is not prima facie obvious to one of 
ordinary skill in the art at the time the invention was made. 
Accordingly, Applicant respectfully requests that the rejection of 
claim 24 under 35 U.S.C. §103(a) be withdrawn. 
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CLAIMS ON APPEAL 



22. A kit for detecting Tumor Antigen Derived Gene- 15 
(TADG-15) protein, comprising: 

an antibody, wlierein said antibody is specific for TADG- 

1 5 protein. 

23. The kit of claim 22, further comprising: 

means to detect said antibody. 

24. An antibody, wherein said antibody is specific for Tumor 
Antigen Derived Gene-15 (TADG-15) protein. 
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ALIGNMENTS 

RESULT 1 

ID W22987 Standard; Protein; 241 AA. 

AC W22987; 

DT 08-OCT-1997 (first entry) 

DE Human serine protease 67 (SP67). 

KW Human; colon carcinoma; COLO 201; cell line; serine protease; SP67; 

KW screening; inhibitor; treatment; disease. 

OS Homo sapiens. 

PN J09149790-A. ' ^ 

PD lO-JtTN-1997. 

PF 24-JUL-1996; 212196. 

PR 29-SEP-1995; JP-275105. 

PA (SUNR ) SUmORY LTD. 

DR WPI; 97-357902/33. 

DR N-PSDB; T79128. 

PT Human colon carcinoma derived serine protease(s) SP59, SP60 and SP67 

PT - useful to screen for specific inhibitors, e.g. to search for, or 

PT study agent for treatment of varii^s diseases 

PS Claim 1; Pages 12-13; 16pp; Japanese. 

CC The present sequence is the human colon carcinoma COLO 201 

CC cell line derived serine protease 67 (SP67), which can be used to 

CC screen for specific inhibitors, e.g. to search for, or study an 

CC agent for the treatment of various diseases . 

SQ Sequence 241 AA; 

Query Match 28.3%; Score 1808; DB 1; Length 241; 

Best Local Similarity 99.6%; Pred. No. 8.25e-161; 

Matches 240; Conservative 0; Mismatches 1; Indels 0; Gaps C 
Db 1 WGGTDADEGEWPWQVSLHALGQGHICGASLISPNWLVSAAHCYIDDRGFRYSDPTQWTV 60 

. iiiiiMiiniiniimimiinnimmiiimnminminii 

Oy 615 WGGTDADEf^EWPWQVSLHALGQGHlCGASLISPNWLVSAAHCYIDDPGFRrSOF'TOVrrA 074 
Db 61 FLGLHDQSQ^lSAPGVQERRLKRIISHPFFNDFTFDYDTALLKLEKfAKYSBMVff ICI.PO 1^0 

iiiiiMMMiniiiMiiii Ml iiiiiiitunnmnmi iininiiii 

Qy 675 FLGLHDQSQl^SAPGVQERRLKRIISHPFFNDFTFDYDIALLELEKPAEYSSMVRPICLPD 7^4 
Db 121 ASHVFPAGKAIWVTGWGHTOYGGTCALTIvOKGKIRVINOTTCKNIMJ'OOITPKMm^^^ 1 MO 

1 1 1 1 1 n 1 1 1 1 M im mniiil) 1! ' 'iLlLU I^^^^^^ 7.4 



Qy 735 AShUpAGKAIWVTGWGHTQYGGTGAL1U)K^ 794 
181 SGGVDSCOGDSGGPLSSVEADGRIFQAGWSWGDGCAQRNKPGVYTRLPLFRDWIKENT 240 

I I I I I I I I I ! I I I i M 1 1 I I I M I I M 1 I I I I I I I ! M I I 1 I I 1 I I I I I ' ii" 'iUll' 
70!^^ Pv:t:VPSOOOnpc:Ori.P?VPAPOKTFOAGV\-SWGDGCAORNKPGVYTRLPLFRDWIKENTG 854 
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Tapping the immunological repertoire to product 
antibodies of predetermined specificity 

Richard A. Lemer 

Committee for the Study of Molecular Genetics. Research Institute of Scripps Clinic, La Jolla, California 92037, USA 

We understand the structure of antibodies in detail, but know little about the molecular basis of the 
immunogenicity of proteins. Recent experiments have shown that chemically synthesized peptides 
representative of virtually any part of the surface of a protein can elicit Antibodies reactive with the 
native molecule. Such peptides can serve as synthetic vaccines, and akitibodies, useful in the study 
of changes in protein structure, can be generated. As these antibodies react with regions of the proteir 
known in advance to the experimenter, they can be said to be of predetermined specificity. 



The immune system of a mammal is one of the most versatile 
systems in the biological kingdom as probably greater^ |han 
1.0 X 10^ antibody specificities can be produced\ Indeed, much 
of contemporary biological and medical research is directed 
toward tapping this repertoire. As it is so vast, it might appear 
to be a relatively simple matter to produce antibodies of a 
particular specificity but until recently this was not the case 
because of two essential complications. The first problem is 
that senim antibodies consist of a mixture of molecules of 
diverse reactivity. As such they arc useful for studying whole 
proteins but an understanding of fine specificity is difficult if 
not impossible. The development by Kohler and Milstein of the 
hybridoma methodology has solved this problentby making it 
possible to obtain in pure form antibodies of a single specificity 
from those induced during an immune response^ but this left 
a second problem in that during an immune response to an 
intact protein antibodies are only produced against a very 
limited set of determinants within the protein molecule. This 
problem is the one to be discussed here. . * 

Limited response to intact proteins 

The key to eliciting antibodies of predetermined specificity is 
an understanding of what constitutes an immunogenic deter- 
minant on a protein. Whereas the term an antigenic determinant 
simply reflects the ability of a region in a protein to bind to 
antibodies, an immunogenic determinant is a region capable of 
inducing antibody. (Here we further define an immunogenic 
determinant as one that induces antibody reactive with the 
native protein.) 

Previous studies on the nature of antigenic determinants, 
mostly following immunization with intact proteins, have led 
to two fundamental conclusions (reviewed in ref. 3, see also 
refs 4-21). The first is that during an immune response to a 
native protein, antibody reactivity is confined to only a few 
regions of the molecule. Studies on enzymatically fragmented 
proteins suggested that most globuli^r proteins contain fewer 
than five antigenic sites; as a rough mie, about one site per. 
5,000 daltons of protein. The second conclusion is that antigenic 
determinants arc dependent on tertiary conformation and are 
often constructed from discontinuous regions of the protein 
chain brought into proximity by folding of the molecule. These 
determinants are called 'conformational* or "discontinuous'. 
Thus, by the mid-1970s, a picture of the antigenic profile of a 
protein had emerged. The determinants are few in number and 
largely dependent on native conformation (Fig. 1). However, 
throughout these studies it was tacitly assumed that antigenicity 
and immunogenicity are equivalent; in other words, the number 
of antigenic determinants of an Intact protein was presumed to 
set a limit n the number of yrotcin fragments which would 
carry immunogenic determinants 



The repertoire can be tapped 

Needless to say, the above concepts did not bode well for ; 
general method of producing antibodies reactive with mos 
regions of a protein molecule. Our own interest in the problen 
followed an experiment we carried out to detect a protcn- 
potentially encoded by the Moloney leukaemia virus genome 
During our sequencing of this genome, vrc f und an op 
reading frame whose coding capacity did not fit v/ith the kn m 
biochemistry of the viral proteins, a problem v/e have callr?( 
genome in search of plienotype. We decided to synthesii' 
chemically a peptide from within the protein predicted by 1*?^ 
nucleotide sequence, raise an antibody to it, and see if the/ 
antibody reacted with protein(s) in infected cells. Because o 
uncertainties as to how or if RNA splicing might be takJ.ni 
place, we synthesized a peptide potentially encoded by Ihr 3 
end of the reading frame, and thus representative of the - 
teriniilus of the putative protein. Indeed, the anti-peptide aii'\i 
body precipitated a protein from infected but not normal cell:'^ 
Such an approach could be very useful as more and more Di ' 
sequences -v<ere generated, but it was far from proven a.v 
general metFiodology. We had studied the C-terminus oi ■ 
protein and it seeipied possible that the method might be uscfu 
only in detecting ,t]^ ends of proteins. It was thought that > :: 
untcthered C-terminus of a protein was relatively free to r t^;^^ 
and could be though^ oJ.,as a kind of hapten carried by the 
of the molecule, a situation which we could have fortuitou 
duplicated when we^ coupled the peptide to the tanier prot. i 
for immunization. * 

To test the generality of the method we canici out a stur^ 
on a protein of known structure. We chose the infiuenza \L . 
hacmagglutinin (HA) because the complete uucleic 
scqucrice of its gene is available" and its crysta!!og^.aphic stric - 
ture is known at high resolution^*. A series of peptides c vera 
75% of the HAl chain v/ere chemically syntlie.n^-d (we l'^* 
now synthesized additional peptides so that the cuMre spas= ^ 
the molecule is represented) and antibodies niiidt, to each - 
the peptides. Antibodies to almost all (18 of 29) peptides r^ - 
with the native molecule". Because in its folded state the K A 
molecule displays a number of conformations inc-McUng a -he 3ii 
random coil and /5 -sheets, it is clear that the ability of h 
anti-peptide antibodies to react vr.lh the m?r::; structure i 
independent of any particular conformation or jccaion in *h 
molecule . Probably the only requirement fc? selecting 
immunogenic peptide is that a part of the scque:.ci: be loca^^ 
on the surface of the molecule so as to be availabSi :o antibc<« . 
In Fig. 2b, we show the portion of the surf?/: : of the U/^' 
molecule agaiirst which v/e have rnad;: antibodf r: using ch?:a 
cally synthesized peptides as ir;muno^ens. In Fig. 2a, we shr.' 
those areas of the mclc ule thought to be immi ViO^rnic dur;/:. 
viral infection or immunization v/iih '.niact virus ^ : p:\rificd v. • 
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Fig. 1 Exposed surfaces of antigenic sites 
(shown in pink) of hen's egg-white lysozymc. 
Stereo projections showing the limited number 
of antigenic sites in the lysozymc molecule and 
their discontinuous ('conformational*) nature. 
The data arc based on Atassi and Lee'* using 
the structure of Blake et o/.'^ and Imoto tt 
ai . Exposed surfaces based on a-carbon 
positions using molecular surface computer 
program of Connolly'^. The three antigenic 
sites are constructed by the spatially contiguous 
residues as follows: (1) Arg 125, Arg 5, Glu 
7, Arg 14 and Lys 13; (2) Trp 62, Lys 97, Lys 
96, Asn 93, Thr 89 and Asp 87; (3) Lys 116, 
Asn 113. Arg 114, Phe 34 and Lys 33. 




Rg. 2 Antigenic and immunogenic sites 
(shown in pink) of th« influenza virus HAl 
molecule. (HAl shown in green, HA2 shown 
in blue,) Structure of the molecule based on 
crystallographic coordinates of Wilson ct al?^. 
Exposed surfaces based on a-carbon positions 
using molecular surface 'computer program of 
Connolly . a, Stcrco-pair representing sites 
eliciting antibodies during the process of infec- 
tion or immunization ^h intact virus, b. 
Stereo-pair representing ^ites against which 
antibody can be induced by immunization with 
chemically synthc;;Uzed peptides. 




proteins'*"". The conclusions from these studies were clear — 
the immunogenicity of a protein is less than the sum of the 
immunogcnidty of its pieces'' with, however, one caveat. The 
map in Fig. 2 is based on neutralization data and it is possible 
that during ordinary immunization, antibodies reactive with 
other parts of the protein are generated but arc not scored 
because they are not neutralizing. (This problem arises because 
not all antibodies that bind to viral proteins inhibit the infectivity 
of the virus.) If this were the case then the collection of anti-virus 
antibodies would have a reactivity pattern much broader than 
that observed by neutralization studies. This is, however, prob- 
ably not the case: we have found that high-titrcd antibody made 
against the intact haemagglutinin does not react with any of 
the synthetic peptides'^. We recently carried out a more com- 
pelling demonstration of the exclusion of some reactivities in 
anti-virus sera by taking advantage of the facts that among 
. various influenza strains there arc constant and variable regions 
of the HAl and HA2 components of the viral haemagglutinin, . 
and that antibody to the native molecule does not widely 
neutralize across strains. If an anti-peptide antibody to a conser- 
ved region neutralized across strains whereas an anti-virus 
antibody did not, it would indicate that different immunological 
specificities are generated during the two types of immunization. 
We therefore studied antibodies to several peptides from con- 
served portions of the protein structure and showed that even 
though the anti- virus antibody has a titre against the 
homologous strain which is about 100-fold higher than that of 
the anti-peptide antibodies, only the latter neutralizes across 
strains (S, Alexander and R.A.L,, unpublished). Thus, even 
during a vigorous immune response against' virus, the region 
represented by these synthetic peptides is not immunogenic; 
hence, by using peptide immunization one can generate anti- 
. body specificities that cannot be obtained in any^fiier way. 

Antibody of predetermined 
specificity in biology : 

The spread of the use of chemically synthesized peptides to 
generate antibodies of predetermined specificity is indicated by 

' the number and diversity of experiments recently carried out. 
The antibodies have been designed for a wide variety of uses. ' 

Detection of prott; ins predicted from nucleic acid sequences: 
Anti-peptide antibodies have proved useful in detecting pro- . 
teins predicted on the basis of nucleic acid sequences to be 
present in cells. The technology has been particularly successful 
in discovering DN A and RN A tumour virus proteins implicated 
in cell transformation, Anti-peptide antibodies have been used 
to detect the large T antigen of polyoma and SV40 viruses, as 
well as the cellular transformation-associated protein uniquely 
expressed in many types of malignant cells^^''. Green and 
Brackmann (personal communication) made an anti-peptide 
antibody that precipitates the 53,000 molecular weight (53K) 
protein encoded by the adenovirus EIB transcription unit. As 
expression of the 53K protein is essential for a fully transformed 
cell, this antibody together with that made to adenovirus EIA 
products (see below) should be useful in studying the process 
of cell transformation. A particularly successful use of anti- 
peptide antibodies has been in defining the proteins encoded 
by the oncogenes of the rapidly transforming retroviruses 
including those of the Moloney sarcoma"-", feline sarcoma^*, 
Rous sarcoma (refs 35, 36 and L. E. Gentry et ah, personal 
communication), avian myeloblastosis" and Simian sarcoma 
virus". 

Autibodies against functionally active regions off proteins: 
Peptide hormones are often cleaved from larger precursor 
pr teins, which contain multiple hormones, Anti-peptide 
antibodies have been used to localize the portions of the 3 1,000- 
MW y-melanocyte-stimulating hormone and 17,500-MW cal- 
citonin precursor which correspond to the functional activities 
f these two hormones" -**. - - 

Schaffhauscr tt aL have used anti-peptide antibodies to per- 
turb iHe functional activity of proteins**. The middle T antigen 
of polyoma virus has been implicated in cell transformation 
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Fig. 3 Studies illustrating the use of anti-peptide antibodies to 
demonstrate the cleavage of viral protein during virus maturation. ^7 
. Left: immune precipitates of virus infected cells with anti-peptide 
. antibody. Extracts of 'H-lcudnc-IabcIlcd cells were' reacted svith 
anti-peptide antibody and the solubilized immiuie precipitates 
. characterized by two-dimensional gel electrophoresis. The 80K 
protein is the entire product (Pr80^"*) of the envelope gene and . - 
contains N-gp70-15E-C The 17K protein (prc-15E) was - i 
confirmed by radioactive protein sequencing to be the precursor . 
to the 1 5E anchor protein . Right; immune precipitates of label- ' 
led vims showing that amino adds had been cleaved from the : 
C-tenninus of pre-15E during virus maturation to yield viral plSE. , 
Virus labelled vrith ^^S-methionine was reacted with normal rabbit 
sera (NRS); anti*peptide antibody [here called ocR to designate : 
that this serum represents antibody against amino acids predicted r, 
by right most (30 possible 15 codons of the viral genome]; and . > 
antibody against the mature anchor protein pl5E (aP15E). The 
bulk of the pl5E in virus fails to react with aR sera and thus . ; 

lacks a portion of its C-terminus^. _ . . . . 

and contains a tyrosine kinase activity that predominantly phos- 
phorylates tyrosine 315 of the middle T protein. They synthc- - 
sized a nonapeptide corresponding to residues 311-319 of the - 
middle T antigen. This antibody not only precipitates middle 
T in infected cells but inhibits phosphorylation of the protein 
in vitro. Interestingly, the anti-peptide antibody does not react 
with the middle T antigen when tyrosine 315 is phosphorylated.- 
Shinnick et alf^ have also used anti-peptide antibodies to local- 
ize and pertmt) the functions of enzymes encoded by viral 
genomes. The retroviral pol gene is about twice as big as 
necessary to encod^ the 80,0 00 -MW reverse transcriptase'*'. 
Gene products were sampled by synthesizing peptides at inter- 
vals of about 100 aniino acids along the predicted pol sequence 
and antibodies agairist these peptides used to study pol gene 
products in infected cells. Antibodies to peptides predictet5 
from the 5' end of the gene precipitated an 80,000-MW protein 
and inhibited the reverse transcriptase activity wliereas anti- 
bodies to peptides from the middle of the gene precipitated a 
40,000-MW protein and inhibited the virus-associated cndonu™ 
clease activity. Antibodies to peptides from th 3' end of the 
gene precipitate a 20^000-MW protein which according to 
enzyme inhibition studies seems to be protease. ITius, anti- 
peptide antibodies arc useful not only in detecting the protei-; 
product of a gene, but also in identifying its function. 

FolloTing protein domains: Anti-peptide antibodies have 
been used in the difficult problem of following the fate ol 
individual protein domains and have shown that the cleav£ig<r 
and removal of the hydrophilic C-tcrminus from thr. rctroviif ? 
membrane anchor protein takes place during vi:us matur- 
ation^. The main envelope glycoprotein, gp70, is anchored in^* 
the viral membrane through its attachment by disulphide bonds 
to the membrane spanning proteins, pl5E. Antibody against v 
synthetic peptide corresponding to the C-terminm of the prr; - 
15E portcin was inade and used to study the fate of this rc^ovi 
of the protein dtiring processing leading to virus formation. Iro 
infected cells the antibody detected tv/o proteins of molcculj^v 
sizes of 80K and MYi corresponding, respectively, to tho 
envelope polyprotcin precursor c ntaining gp70 and pl5E, zn^ 
one of the cleavage product (pre- 15 E) (Fig. 3); -Howex-s. , 
when the proteins of radioactiyely labelled virus \y'r;jc studicc: 



J* with the anti-pcptide antibody, it could be seen that the C- 
^. .tcrrninui predicted' from the nucler ^, sequence was missing 
fiom the mature pl5E protein (Fig. . thus demonstrating its 
removal during vims maturation. 'It . remains to be seen if 
dcavagc and processing of C-tcrmini arc frequent events which 
K.will be found in other systems or if they are peculiar to events 

bvolved in viral maturation. C 
'ii ^^aron and Baltimore^^ and Semlcr e( ai*^ used anti-peptide 
^^|^■bodtes to follow poliovirus protein domains, by making 
aTObodies to chemically synthesized peptides corresponding to 
V the genome-linked protein (VPg), Since mature poliovirus pro- 
i;. teins are generated by a cascade of cleavages starting with a 
; large precursor (NCVPOO), the peptide of interest is located 
in various positions in the different intermediate cleavage prod- 
A ucts, ultimately becoming the C-terminus of a 12,000-MW 
V:' polypeptide from which 22 amino acids are donated to the 5' 
; end f the genomic RNA. In the Baron and Baltimore experi- 
; ments antibodies raised against the entire 22 amino acids of 
VPg as well as a peptide corresponding to its 14 most C-terminal 
amino acids reacted with the peptide when it was present in 
five different members of the cleavage cascade. As well as 
providing the solution of a biological problem, these results 
demonstrate that the reaction of anti-peptide sera with the 
native protein is relatively independent of the position oi the 
target in the native structure. 

- Exon usage: A special example of the use of antibodies of 
predetermined specificity to follow protein domains is in the 
study f exon usage during gene expression. Shinnick and 
Blattner*'' used anti-peptide antibodies to follow exon usage in 
the immunoglobulin-D system. They synthesized peptides 
uniquely corresponding to the protein encoded by the exons 
specific for either the secreted or the membrane-bound form 
of IgD. Each of the anti-peptide antibodies was shown to be 
specific for one of the alternative forms of IgD and can now 
be used to follow the fate of these two proteins in cells. These 
results, again, demonstrate the production of specific reagents 
which would be difficult to niake by other means. Anti-peptide 
. antibodies have also facilitated the study of exon usage in the 
*jBj|novinis-2EIA transcription unit. EIA encodes functions 
^pich both regulate expression of other early viral genes and 
' have a role in cell transf ormation^*'^\ the EIA region transcript 
. is processed into at least two overlapping mRNAs {12S and 
13S) which share 5' and 3' termini and differ by 138 nucleotides. 
Since the 12S and 13S mRNAs are in the same reading frame 
and translation is probably initiated at the common first AUG. 
it has been assumed that the two proteins encoded by these 
messages have common N- and C-termini and differ by 46 
amino acids unique' to the middle of the larger protein". Feld- 
man and Nevins prepared antibody to a 13 amino acid long 
synthetic peptide predicted from the nucleotide sequence to 
correspond to a hydrophilic portion of the putative 46 amino 
adds unique to the larger protein and were able to show that 
this antibody only reacted with the larger of the two proteins 
encoded in EIA . This antibody should be very helpful in 
defining the role of the different EIA proteins in transformation 
J^nd control of transcription. 

Anti-Srrong* reading frame finfibodies: We prepared anti- 
•wrong* reading frame antibodies to study frameshift mutations 
in viral proteins (A. Sen and R.A.L., unpublished). We used 
the nucleotide sequence of several sarcoma virus transforming 
genes to predict the protein sequence which would correspond 
to +1 and +2 frameshifts far epough to the 3' end of the genome 
so that premature terminations would not occur. Using these 
antibodies we were able to det5ct f rameshif ted proteins in infect- 
ed cells. Coupled with transfection of genes, such anti-*wrong* 
reading frame antibodies m^y be very useful in comparing 
the fate of wild-type and mutant proteins in the same cells. 

Antibody of predetermined 

•ectficity in medicind' 
ail molecules were first used in the design of syntljetic 
* vacancs m 193,8 when Gocbel made antibody to the carbo- 



hydrate antigen di?^atinized p-aminobenzyl cellobiuronide 
coupled to horse st ) globulin*^*". Mice immunized with the 
preparation acquire^ active resistance to infection with virulent 
type III pneumococci*^, Anderer, working from the results of 
denaturation and cleavage experiments and assuming that the 
immunogenicity of the tobacco mosaic virus protein depends 
on retention of conformation, studied a C-terminal hexapeptide 
coupled to bovine serum albumin. He showed that antibody to 
the hexapeptide would precipitate and neutralize the virus". 
Working with phage; Langbeheim and his colleagues synthe- 
sized two peptides from the coat protein of MS -2 and made 
rabbit antiserum against them". They were able to show binding 
by one of the anti-peptide antibodies. In their experiment, 
addition of the rabbit anti-peptide antibody was followed by 
addition of antisera against rabbit immunoglobulin, thus 
obscuring whether the anti-peptide antibody had any primary 
neutralizing activity. 

Before synthetic vaccines could be realistically designed to 
combat cukaryotic viruses, two things were required: a method 
for obtaining protein sequences of relatively scarce viral pro- 
teins, and constraints of the actual or perceived need for confor- 
mational determinants had to be overcome. Advances by 
Sanger and Gilbert and their colleagues in nucleic acid sequenc- 
ing technology solved the problem of obtaining reliable amino 
add sequences of viral proteins, and chemical synthesis of 
peptides allowed production of antibodies not necessarily 
restricted, to reactivity with conformational determinants 
within native proteins. Recently, peptides corresponding to 
influenza HAl (refs 25, 58), the hepatitis B surface antigen 
(HB.Ag)**^^ the foot-and-mouth disease (FMDV) VPI pro- 
tein*^, and the rabies virus glycoprotein**, have been synthe- 
sized. One interesting result in the HB,Ag system is that pep- 
tides differing in only two residues were capable of inducing 
antibodies in rabbits and chimpanzees which were capable of 
distinguishing the y and d subtypes of HB.Ag". It appears that 
synthetic peptides can duplicate serological markers known to 
be of significance from classical yirological and epidemiological 
studies. In the influenza*^ and FMDV systems*^, synthetic pep- 
tides induced neutralizing antibodies. Further studies using 
antibodies of predetermined specificity should, in turn, improve 
our understanding of the process of virus neutralization and 
thus guide the design of useful peptides. One can envisage that 
the reason for strain variationjn viral proteins is due to selective 
pressures of the immune system/ and thus that the variable 
regions signal areas available fos^and sensitive to. antibody 
binding. Alternatively, one can -aim for invariant regions with 
functional activities. An additional theoretical issue important 
to the design of new vaccines is fhat-an intact protein when 
free may fold differently from when it is part of a virus particle 
and thus may not confront the immune system in such a way 
as to induce neutralizing antibodies. In these cases, synthetic 
peptides may offer advantages over purified viral capsid proteins 
(so-called subunit vaccines) because they can induce anti-virus 
antibodies which are independent of protein folding and can 
be directed to neutralizing sites on the virus surface. 

Practical considerations 

Given a nucleotide sequence, the problem often is which pep- 
tide to synthesize. As so many different peptides have been 
shown to induce antibodies reactive with the native protein, 
the only essential point is to choose one which contains hydro- 
philic amino acids and is thus likely to be exposed on the surface 
of the intact molecule. Also, peptides containing hydrophilic 
groups are likely to be soluble, making their handling and 
coupling to carrier molecules easier. A number of computer 
programs have been used to predict secondary structures""**, 
which indicate regions of proteins located on the surface of the 
molecule and available to antibody but a simple search of the 
amino acid sequence for charged residues seems to be equally 
effective for most studies. In the experiments carried out so 
far, several different carriers and coupling methods have been 
used with equally good results, and so this choice does not seem 



to be critical as long as an immunogenic carrier is used. 
However, where cultured cells are used, bovine serum albumin 
should be avoided as a carrier since it is a component of the 
growth media to which many cellular proteins bind non- 
specifically and the presence of antibodies to it can confuse 
iramunopredpitation studies of radioactively labelled cells. 

Another question is that of the titre of an anti-peptide anti- 
body compared with that raised by immunization with the intact 
protein. The answer, as far as we know, is that sometimes it is 
greater and sometimes less. However an important point is that 
by using peptide immunization, one can generate antibody 
specificities which cannot be obtained in any other way. 

The minimum size of the peptide chosen is important and 
should be larger than six amino acids. We generally synthesize 
peptides of 15 amino acids. Considerably larger peptides have 
also proved useful" but often do not offer any advantage as 
one risks the problem that they are more likely to assume a 
fixed conformation distinct from that of the native molecule. 

Anti-peptide antibodies can also be used for immunoaffinity 
purification of rare proteins'**. The main advantage of anti- 
peptide antibodies for immunoaffinity purification of proteins 
is that elution can be accomplished by excess peptide instead 
of the usual methods of high salt, low pH or chaotropic agents. 
Since the peptide elution is specific for the antigen-antibody 
union of interest, the recovered protein is less likely to be 
contaminated with extraneous proteins which were bound to 
the column at sites other than the antibody combining site. 
Also, proteins eluted by peptides are more likely to be 
recovered in a native state. 

Theoretical considerations 

The reason anti-peptide antibodies so often react with the native 
structure seems to be that they can adopt a numbef^ conforma- 
tions in solution, one of which approximates that adopted in 
the native molecule. If this is the case anti-peptide antibodies 
. should contain a mixture of reactivities to these various confor- 
mations with only a small percentage of them actually reacting 
with the native structure. There are, however, other theoretical 
possibilities. One is that a protein molecule perturbed by solvent 
interactions exists as a statistical ensemble of conformative 
states with similar backbone struaures but with variations in 
side-chain orientations on the surface of the molecule. In this 
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situation the anti-peptide antibody could either 'lock in' a 
particular conformation, induce a conformation, or, in fact, 
mould its own combining site which for similar reasons would 
itself be somewhat sterically mutable. That at least some of the 
latter notions may be true is supported by our studies on 
monoclonal antibodies to chemically synthesized peptides (H. 
Niman and R.A.L., unpublished). We selected monoclonal 
anti-peptide antibodies against an influenza virus H Al peptide 
(amino acids 75-111) and then looked at what percentage would 
react with the native protein. Surprisingly, 14 of 27 reacted in 
an enzyme-linked immunoabsorbent assay (ELISA) and 
immunoprecipitation assays with intact HAl. a number much 
too large to be compatible with a simple model of occasional 
shared conformations between the free peptide and its counter- 
part in the protein. If these results can be extended and general- 
ized, one will have to think in terms of flexible structures in 
protein, antibody molecules, or both. Alternatively, both in 
solution and as part of protein molecules, peptides may spend the . 
bulk of their time in a limited number of comparable conforma- 
tions presumably representing the state of lowest free energy. 

Future prospects j 

The ability to make antibodies to defined regions of proteins 
will, no doubt, open the way to a number of biodicmical 
experiments on the structure-function relationships of proteins 
as well as help in the immunological prevention and perhaps 
treatment of disease. Consideration of the theoretical basis for 
the immunogenicity of small synthetic peptides has led to ques- 
tions about the fluidity of regions of protein molecules in 
solution, as well as the possibility that antibodies induce shape 
changes in proteins. The somewhat surprising results concerning 
the immunogenicity of peptides may lead to a better under- 
standing of the dynamics of protein molecules in solution. Th' 
fact that such a high percentage of monoclonal anti-peptide^ 
antibodies react with the' native protein already suggests that 
something unexpected is on the horizon. 
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'ournah Lid hr. ^"""Atv^bwriptioo fof USA and Onada US t22fl. (fof kubwnpiwn prKc\clvi»h<ir. w ntM pa^cl. (Jfdcr\(»nh rcfniiuo<:f|andthjnfcoUddrc4vUh<lilo: MacmtlUn 

Slf«t iJL v^l "l^l *l*«n|«oU kG2l 2XS. UK. S^onJ tl*« p*nu,< paUi ai Nrw Vofl, NVIOOlO and Jdditional m^ilmi uHko. US PmimaMrr vend form 1$W lo: Su(uft. 15 tau It 
^^.nc^Totk, NY lOOiO. #^|VII2 MacmilUn Journah Lid. 
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